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Experimental 

Crystal data 

C22H25N2*-C6H4C103S- 

Mr = 527.07 
Monoclinic, P^Jc 
a = 25.814 (4) A 
b = 10.5563 (16} A 
c = 20.333 (3) A 
P = 110.883 (2)° 



■H2O 



V = 5176.8 (14) A-' 
Z = 8 

Mo Ka radiation 
/X = 0.27 mm^' 
r = 100 K 

0.31 X 0.19 X 0.15 mm 



Key indicators: single-crystal X-ray study; T = 1 00 K; mean o-(C-C) = 0.007 A; 
disorder in main residue; R factor = 0.076; wR factor = 0.201; data-to-parameter 
ratio = 15.1. 



The asymmetric unit of the title hydrated sah, C22H25N2*-- 
C6H4C103S^ H20, comprises two 2-[4-(diethylamino)styryI]- 
1-methylquinolin-l-ium cations, two 4-chlorobenzenesulfon- 
ate anions and two solvent water molecules. One ethyl group 
of both cations displays disorder over two positions in a 
0.659 (2):0.341 (2) ratio in one molecule and in a 
0.501 (2):0.499 (2) ratio in the other. The sulfonate group of 
one anion is also disordered over two positions in a 
0.893 (7):0.107 (7) ratio. The dihedral angle between the mean 
plane of the quinolinium ring system and that of benzene ring 
is 10.57 (18)° in one cation and 14.4 (2)° in the other. In the 
crystal, cations, anions and water molecules are linked into 
chains along the [010] direction by O— H- ■ OjuKonate hydrogen 
bonds, together with weak C— H- ■ Osuitonate and C— H- ■ CI 
interactions. The cations are stacked by jt-Jt interactions, with 
centroid-centroid distances in the range 3.675 (2)-4.162 (3) A. 

Related literature 

For standard bond lengths, see: Allen et al. (1987). For back- 
ground to and applications of quarternary ammonium 
compounds, see: Barchechath et al. (2005); Chanawanno et al. 
(2010fl,6); Bolden et al. (2013). For related structures, see: 
Chantrapromma et al. (2012); Fun, Kaewmanee et al. (2011, 
2013); Kaewmanee et al. (2010). For the stability of the 
temperature controller used in the data collection, see: Cosier 
& Glazer (1986). 



Data collection 

Bmker SMART APEXII DUO 

CCD area-detector 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2009) 

r™„ = 0.923, r„„„ = 0.961 



Refinement 

R[F^ > 2a{F^)] = 0.076 
wR(F^) = 0.201 
S = 1.04 

10657 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



28821 measured reflections 
10657 independent reflections 
6269 reflections with / > 2cr(/) 
Ri„, = 0.064 



708 parameters 

H-atom parameters constrained 
Ap„ax = 0.61 e A"^ 
Ap„i„ = -0.43 e A"^ 



D-H-A 


D-H 


H- ■ -A 


D---A 


D-H- - A 


OIWB-HIWB- - -OIB' 


0.85 


2.36 


2.815 (7) 


114 


01WB-H2WB- - -02B" 


0.83 


2.12 


2.953 (7) 


177 


OIWA-HIWA- - -02A'" 


0.84 


2.07 


2.891 (5) 


166 


01WA-H2WA- - -OlA 


0.76 


2.10 


2.844 (4) 


169 


C8A-H8AA---03A''' 


0.93 


2.54 


3.146 (5) 


123 


C2B-H2BA- - OBB' 


0.93 


2.57 


3.314 (7) 


137 


CllB-HllB-OlB'" 


0.93 


2.41 


3.237 (6) 


148 


C18y-H18£- ■ -aiA"" 


0.97 


2.72 


3.673 (19) 


169 


C19B-H19Z)- ■ CUB™' 


0.96 


2.73 


3.531 (14) 


142 


C22B-H22Z)- ■ 02^"" 


0.96 


2.55 


3.259 (7) 


131 


C25A-H25A---03A" 


0.93 


2.56 


3.359 (5) 


144 


Symmetry codes: (i) x + I, y, z; (ii) —x -F 
-x+l,-y + l,-z-, (v) :i:-l-l,,v, 
-X + 1. -y. -z + 1; (viii) -x+l,y-\ 


1, V- J, -z-l- 
(vi) 

-z + i- 


i; (iii) -x+l,y-i 
x + l,-y + l 


-1,-z-l-l; (iv) 
z + f, (vii) 



t Thomson Reuters ResearcherlD: A-5085-2009. 

§ Additional correspondence author, e-mail: hkfun@usm.my. Thomson 
Reuters ResearcherlD: A-3561-2009. 



Data collection: APEX2 (Bruker, 2009); cell refinement: APEX2\ 
data reduction: SAINT (Bruker, 2009); program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL, PLATON (Spek, 
2009), Mercury (Macrae et al., 2008) and publCIF (Westrip, 2010). 
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sulfonate monohydrate 
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1 . Comment 

The bioactivity of compounds containing the quinoUnium chemophore has been the subject of a number of reports 
(Barchechath et al, 2005; Chanawanno et al, 2010fl, 2010ii and Bolden et al, 2013). The title quinolinium derivative (I) 
was synthesized and tested for antibacterial activities against gram positive bacteria including Bacillus subtilis, 
Enterococcus faecalis, Staphylococcus aureus, Methicillin-Resistant Staphylococcus aureus and Vancomycin-Resistant 
Enterococcus faecalis, and gram negative bacteria including Pseudomonas aeruginosa. Shigella sonnei and Salmonella 
typhi. Our antibacterial assay has shown that (I) is strongly active against B. subtilis and P. aeruginosa with a minimum 
inhibition concentration (MIC) of 9.37 /<g/ml for both strains. In addition (I) also showed moderate activity agamst E. 
faecalis with an MIC value of 37.5 /ig/ml. Herein the crystal structure of (I) is reported. 

The asymmetric unit of the title compound (1) (Fig. 1) consists of two C22H25N2^ cations, two C6H4CIO3S" anions and 
two solvent H2O molecules [the two molecules are denoted as molecules A and B\ One ethyl unit of diethylamino group 
of both cation molecules displays disorder over two positions with refined site occupancy ratios of 0.659 (2):0.341 (2) 
and 0.501 (2):0.499 (2) for molecules A and B, respectively. The sulfonate group of the anion B also shows disorder over 
two positions with a refined site occupancy ratio of 0.893 (7):0.107 (7). The cations exist in the E configuration with 
respect to the C10=C11 double bond [1.343 (6) A] and the torsion angle is C9-C10-C11-C12 of 174.6 (4)° for molecule 
A [the corresponding values are 1.324 (6) A and -172.5 (4)° for molecule S]. The C1-C9/N1 quinolinium ring system is 
essentially planar with r.m.s. deviations of 0.0293 (4) and 0.0198 (5) A for molecules A and B, respectively. The dihedral 
angle between the mean-plane of the quinolinium ring system and that of C12-C17 benzene ring is 10.57 (18) and 
14.4 (2) ° for molecules A and B, respectively. The disorder of the ethyl groups in each cation result in the diethylamino 
substituents having two different configurations in which the two ethyl groups either point away from one another (Fig. 1 
and Fig. 2), or towards one another (Fig. 1 and Fig. 3). The diethylamino substituents also deviate from the planes of the 
benzene rings to which they are attached as indicated by the torsion angles C15A-N2A-C18A-C19A = -84. 1 (7)° and 
C15A-N2A-C20A-C21A= -96.3 (8)° (major component .4) and C15A-N2A-C20X-C21X = 100.0 (11)° (minor 
component JO. In molecule B, the torsion angles C15B-N2B-C20B-C21B = 79.0 (8)° and C15B-N2B-C18B-C19B = 
-83.7 (10)° (major components) and C15B-N2B-C18Y-C19Y = 112.6 (10)° (minor component Y). The bond lengths 
are in normal ranges (Allen et al, 1987) and comparable to those found in some closely related structures 
(Chantrapromma et al, 2012; Fun, Kaewmanee et al., 2011, 2013 and Kaewmanee et al., 2010). 

In the crystal packing, the cations, anions and water molecules are linked into chams along the [0 1 0] direction by O — 
H—Osuifcmate hydrogcu bonds together with weak C — H— Osuiftmate and C — ^H— CI interactions (Fig. 4 and Table 1). The 
cations are stacked through tc-tc interactions with the centroid distances Cgr-Cgi" = 3.675 (2) A, Cgr"Cg2" = 4.106 (3) 
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A, Cgi-Cg3- = 4.018 (3) A, Cgi6-Cg,6^ = 3.687 (3) A, Cgis-Cgi,^ = 3.714 (3) A and Cg,6-Cgi8- = 4.162 (3) A 
[symmetry codes are as in in Table 1 and (ix) = 1-x, -y, -z; (x) = 2-x, 2-y, 2-z and (xi) = 2-x, 1-y, 2-z]; Cgi, Cg2, Cg3, Cgi6, 
Cgi7 and Cgi8 are the centroids of the N1A/C1A/C6A-C9A, C1A-C6A, C12A-C17A, N1B/C1B/C6B-C9B, C1B-C6B 
and C12B-C17B rings, respectively. Fig. 5 shows these n-'-n interactions only for the major disorder components. 

2. Experimental 

The title compound was prepared by stirring silver (I) 4-chlorobenzenesulfonate (0.95 g, 3.16 mmol) and (£)-2-(4-(di- 
ethylamino)styryl)-l-methylquinolinium iodide (1.44 g, 3.16 mmol) in methanol (100 ml) for ca. 0.5 h. The precipitate of 
silver iodide which fonned was filtered out and the filtrate was evaporated to give the title compound as a brown solid. 
Brown block-shaped single crystals of the title compound suitable for X-ray structure determination was recrystallized 
from ethanol by slow evaporation at room temperature over a few weeks, Mp. 471-473 K. 



All H atoms were positioned geometrically and allowed to ride on their parent atoms with d(O-H) = 0.76-0.85 A, d(C-H) 
= 0.93 A for aromatic and CH, 0.97 A for CH2 and 0.96 A for CH3 atoms. The C/iso values were constrained to be 1.5(7eq 
of the carrier atom for water and methyl H atoms and 1.2(7eq for the remaining H atoms. A rotating group model was used 
for the methyl groups. The two cations (molecules A and E) and one anion (molecule E) are disordered over two sites 
with refined site occupancies ratios of 0.659 (2):0.0.341 (2), 0.501 (2):0.499 (2) and 0.893 (7):0.107 (7), respectively. 



Figure 1 

The asymmetric unit of (I) showing 40% probability displacement ellipsoids and the atom-numbering scheme. Open 
bonds show the minor disorder component. 



3. Refinement 





IC21B 
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Figure 2 

The molecular structure of the major component A showing the configuration of diethylamino group. Only cation A is 
shown. 




C21X 



Figure 3 

The molecular structure of the minor component X showing the configuration of diethylamino group which differs from 
that of the major component A. Only cation A is shown. 
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Figure 4 

The crystal packing of the major component viewed along the a axis showing chains running along the b axis. The O — 
H- 0 hydrogen bonds and weak C — H - 0 and C — ^H --C1 interactions are drawn as dashed lines. 



Acta Cryst. (2014). E70, o395-o396 



sup-4 



supplementary materials 




(f)-2-[4-(Diethylamino)styryl]-1 -methylquinolin-1 -ium 4-fluorobenzenesulfonate monohydrate 



Crystal data 

C22H25N2+-C6H4C103S--H20 

Mr = 527.07 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
0 = 25.814 (4) A 
^= 10.5563 (16) A 
c = 20.333 (3) A 
y?= 110.883 (2)° 
K= 5176.8 (14) A^ 
Z=8 



F(000) = 2224 

ft = 1.352 Mgm-3 

Melting point = 471^73 K 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 10657 reflections 

61 = 2-26.5° 

ji = 0.27 mm"' 

r= 100 K 

Block, brown 

0.31 X 0.19 X 0.15 mm 



Data collection 



Bruker SMART APEXII DUO CCD area- 
detector 
diffractometer 

Radiation source: fine-focus sealed tube 

Graphite monochromator 

(p and CO scans 

Absorption correction: multi-scan 

{SADABS; Bruker, 2009) 
r„,„ = 0.923, r„,, = 0.961 



28821 measured reflections 
10657 independent reflections 
6269 reflections with/> 2c7(/) 
Rm = 0.064 

^^max = 26.5°, 9,j,i„ = 2.0° 

h = -30^32 
/ = -25^25 



Refinement 

Refinement on 7^ 0 restraints 

Least-squares matrix: full Primary atom site location: structure-invariant 
R[F^ > 2a{F^)] = 0.076 direct methods 

wR{F^) = 0.201 Secondary atom site location: difference Fourier 
5"= 1.04 map 

10657 reflections Hydrogen site location: inferred from 
708 parameters neighbouring sites 
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H-atom parameters constrained (A/(T)n,ax = 0.001 

w = l/[o^(i^o') + (0.0652P)2 + 7.6849P] Ap^^ = 0.61 e A'^ 

where P = (F^^ + 2F,y3 Ap,^ = -0.43 e A'^ 

Special details 

Experimental. The crystal was placed in the cold stream of an Oxford Cryosystems Cobra open-flow nitrogen cryostat 

(Cosier & Glazer, 1986) operating at 100.0 (1) K. 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F^, 

conventional R- factors R are based on F, with F set to zero for negative F^. The threshold expression of F^ > 2sigma(F^) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for reflnement. R-factors based 
on F^ are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


TF- *ITI 


CllA 


0.27801 (5) 


0.17454 (13) 


0.13432 (7) 


0.0684 (4) 


SIA 


0.46207 (4) 


0.58226 (11) 


0.26409 (5) 


0.0415 (3) 


OlA 


0.43655 (13) 


0.6836 (3) 


0.29041 (14) 


0.0512(8) 


02A 


0.50670 (12) 


0.5209 (3) 


0.31975 (14) 


0.0578 (9) 


03A 


0.47678 (12) 


0.6192 (3) 


0.20454 (14) 


0.0538 (8) 


C23A 


0.32927 (17) 


0.2876 (4) 


0.17242 (19) 


0.0404 (10) 


C24A 


0.38262 (17) 


0.2482 (4) 


0.2059 (2) 


0.0411 (10) 


H24A 


0.3915 


0.1625 


0.2090 


0.049* 


C25A 


0.42288 (17) 


0.3380 (4) 


0.23497 (18) 


0.0388 (9) 


H25A 


0.4594 


0.3127 


0.2578 


0.047* 


C26A 


0.40971 (14) 


0.4651 (4) 


0.23066 (16) 


0.0311 (8) 


C27A 


0.35560(17) 


0.5029 (4) 


0.1966 (2) 


0.0415 (10) 


H27A 


0.3467 


0.5886 


0.1933 


0.050* 


C28A 


0.31469(17) 


0.4142 (5) 


0.1674(2) 


0.0483 (11) 


H28A 


0.2780 


0.4389 


0.1447 


0.058* 


NIA 


0.45312 (13) 


0.3584 (3) 


0.01622 (15) 


0.0406 (8) 


N2A 


0.7161 (2) 


-0.2368 (5) 


0.1056 (2) 


0.0799 (15) 


CIA 


0.41975 (15) 


0.4623 (4) 


-0.01354 (19) 


0.0402 (10) 


C2A 


0.39663 (18) 


0.5404 (5) 


0.0243 (2) 


0.0529 (12) 


H2AA 


0.4035 


0.5240 


0.0716 


0.064* 


C3A 


0.3643 (2) 


0.6400 (5) 


-0.0077 (3) 


0.0632 (13) 


H3AA 


0.3492 


0.6909 


0.0183 


0.076* 


C4A 


0.35306 (19) 


0.6681 (5) 


-0.0783 (3) 


0.0570 (12) 


H4AA 


0.3298 


0.7354 


-0.0995 


0.068* 


C5A 


0.37609 (17) 


0.5973 (5) 


-0.1160(2) 


0.0520 (12) 


H5AA 


0.3695 


0.6179 


-0.1627 


0.062* 


C6A 


0.41001 (16) 


0.4924 (4) 


-0.0853 (2) 


0.0443 (10) 


C7A 


0.43683 (17) 


0.4199 (5) 


-0.12117(19) 


0.0489(11) 


H7AA 


0.4310 


0.4386 


-0.1680 


0.059* 


C8A 


0.47081 (18) 


0.3236 (5) 


-0.0897 (2) 


0.0489(11) 


H8AA 


0.4885 


0.2782 


-0.1148 


0.059* 


C9A 


0.48013 (15) 


0.2900 (4) 


-0.01798 (18) 


0.0388 (9) 



Occ. (<1) 
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CiUA 


U.Moo4 (lo) 


U.19z4 (4) 


A A 1 ^AO /A A\ 

U.Ui698 (19) 


A A/1 1 O /I A\ 

0.04iz (lOj 




HlOA 


0.5250 


0.1775 


0.0643 


0.049* 




1 A 


U.D4o1 / (io) 


A 1 O 1 A t A\ 

U.lzlO (4) 


AA1/1/1C /I A\ 

—0.01445 (ly) 


A (\A -5 C /"I f\\ 

0.0435 (10) 




TT1 1 A 

HllA 


f\ O £.'1 

0.5367 


A 1 O A 

0.1329 


-0.0626 


A ACO* 

0.052* 




1 ^ A 


(lO) 


U.Uzoz (4) 


O.Ul / /Z (l6) 


A A/I A'3 /I A\ 
U.U4(J3 (10) 




1 1 A 

CiiA 


U.oi / io (i /) 


— O.Oz /4 (4) 


A AO 1 O /I /■ 1 A\ 

—0. 02134 (ly) 


A A/I /CA / 1 1 \ 

0.0460 (11) 




TT1 1 A 

H13A 


0.6074 


A f\f\ C A 

-0.0054 


-0.0685 


0.055* 




1 -1 A 


U.oDooz (lyj 


— U.lizJ 


0.00o5 (z) 


A AC 1 C /I 0\ 

0.0515 (Iz) 




T T 1 y1 A 

H14A 


\j.bll\J 


A 1 /I CA 

—0.1450 


A AO 1 T 

—O.Oz 17 


O.Ooz^ 




1 C A 


O.o /4oi (ly) 


A ^ A /c\ 
— 0.i5z4 (5) 


A f\nn A /o\ 
0.0/ /4 (z) 


A AC 1 C 1 1 \ 

0.0515 (11) 




C16A 


0.64536 (18) 


A AAZ'A / A\ 

-0.0960 (4) 


A 1 1 T 1 /0\ 

0.1171 (2) 


A A/lOO /I 1\ 

0.0488 (11) 




H16A 


0.6543 


-0.1190 


0.1640 


A A C A rfc 

0.059* 




L-i / A 


U.6U40U (16; 


A AAOT f A\ 

—yj.\jWi (4) 


U.Uoo6z (ly) 


A A/1 Al I \ (W 

U.IJ443 (lU) 




TT1 T A 

H17A 


0.5868 


0.0261 


All 

0.1167 


A AC1 :k 

0.053* 




C18A 


0.7320 (2) 


A O 1 A / C\ 

-0.2810 (5) 


A 1 T O A /0\ 
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\}.y}ii (3) 


CzUA 


A AiC 1 /T\ 

U.Uoi (/) 


A Ayl C /C\ 
U.U43 (5) 


A AC 1 /^C\ 

U.UjI (j) 


A A 1 1 //:\ 
U.Uil (6) 


A AAO t A\ 

U.UUo (4) 


A AAT //lA 
U.UU / (4) 


/^O 1 A 


A AOO tn\ 


A ACC 

U.Ujj (d) 


A AAO /'TA 

u.uoy ( /) 


A A1 /CA 

U.Uio (j) 


A A 1 '2 /'C\ 

U.U13 (J) 


A AAA /CA 
U.UUU (j) 


CzUA. 


A AC /I /A\ 

u.Uj4 (y) 


A A1 O / 1 A\ 
U.U36 (lU) 


A AC 1 /I A\ 
U.Uji (iU) 


A A 1 1 /0\ 

—U.Ull (o) 


A A 1 /I /TA 
U.U14 (/) 


A AAA /OA 

U.UUU (o) 




A AC/C /"I 0\ 

U.Udo (izj 


A A/CA /"I 

O.OoU (IZ) 


A A^A /"I A\ 
U.U6U (iU) 


A AA/I /AA 

0.004 (y) 


A AT/C /0\ 

U.Uzo (o) 


A AAA /OA 

U.uoy (O) 


CzzA 


U.Udd (j) 


A AT/1 //I \ 

U.U/4 (4) 


A AO /^T\ 

U.U30 (z) 


A AAT /'1\ 
U.UU/ (3) 


A ATO /^T\ 

U.Uzo (Z) 


A A 1 1 /TA 
U.Ull (Z) 


L-llrs 


A c\n A n iQ\ 
U.U/4/ (p) 


A ACCO 

U.Ud JO (o) 


A ACT 1 /'^\ 

U.Uj / 1 (o) 


A ATT/1 /'T\ 
U.UZZ4 ( /) 


A ATO /I /'/;\ 
U.Uzo4 (o) 


A AAAT //;A 

— U.UUUz (0) 




U.U/00 {a) 


A AC/C/I /'0^ 

0.U3o4 (5) 


A A/1 c o //:;\ 
0.U4JO (o) 


A AT CO /T\ 
U.UZDO (/) 


A ATOC 
U.UZOJ (6) 


A AAOC //CA 

O.UUoj (6) 


(JIB 


A A/CA /'5\ 

u.uoy (3) 


A 1 1 1 ^ A\ 

U.ill (4) 


A 1 AT 
U.IUZ (3) 


A A'3 '3 /'5 \ 
U.U33 (3) 


A ACA /"J \ 

u.ujy (3) 


A A /I '3 /'3 A 

U.U43 (3) 


(JzB 


A ITT //I \ 

yj.iIZ (4j 


A AOT \ 

U.Uoz (3) 


A A/1 O /T\ 

U.U4o (Z) 


A AiC 1 /I \ 

U.Uoi (3) 


A ATA /T\ 

U.UzU (z) 


A AAA /TA 

— u.uuy (Z) 


<- -1 T 1 1 

Ujrs 


A A'TT /"2\ 
U.(J / / {j) 


A A/^A /"2\ 

U.UoU (3 ) 


A A/I CI /'I 0\ 

U.U4j3 (ly) 


A AT 1 /"TA 

U.Uzl (z) 


A ATTA /I 0\ 

(lo) 


AA1TC/10A 

U.Ulzj (lo) 


CziB 


f\ ACC 


A A"!© /"TX 

U.03o (z) 


A A'3/1'3 /I A\ 

U.U343 (ly) 


A A1 1 /TX 

0.011 (z) 


U.Uz36 (ly) 


A AA1 T /I OA 

U.OOlz (lo) 


Cz4B 


A AC A /I \ 


A ACO /"5 \ 

U.Udz (3) 


A ACJ /T\ 

U.Uj3 (Z) 


A AA/1 /TA 

— U.UU4 (z) 


A A 1 A /T\ 

u.uiy (z) 


A A 1 C /TA 

— U.UlJ (z) 


CzDB 


A A/iC 


A A'2 C /TA 

U.U3j (Z) 


A ACT 

U.Uj / (3) 


A AA/1 /"TA 
— U.UU4 (Z ) 


A A'2A ^T\ 

U.U3U (z) 


A A1 1 /TA 

—U.Ull (Z) 


CzoB 


A AC 1 /o^ 
U.UDi (zj 


A A/l O 

U.U4z (3 ) 


A nil A i\ 0\ 

U.U334 (ly) 


A AAl /'TA 
U.UU3 (Z) 


A A1 OT /I 0\ 
U.UiyZ (lo) 


A AAAC /I OA 

U.UUUj (lo) 


Cz /B 


A AC 1 /'^\ 

U.UDi (2) 


A f\A A /'■^A 

0.U4y (3) 


A A/I "3 /TA 
0.043 (I) 


A AA/1 /T\ 
— 0.UU4 (Z) 


A A1 TA /I AA 

U.Ul /y (ly) 


A A1 1 /TA 

-U.Ull (z) 


CzoB 


A A^T 

U.Uoz (i) 


A AO O /TX 

U.U33 (z) 


A A/I T /T\ 

U.U4 / (z) 


A AAC /TA 

— U.UUj (Z) 


A A'3 A /T\ 

U.U3U (z) 


A AAO 1 /I AA 

— u.uuol (ly) 


MID 

JN IB 


A ACA 

U.UjU (Z) 


A A/1 C /"OA 

U.U4j (z) 


A A/I O /TA 

u.U4y (Z) 


A AAA/; /I 0\ 

u.uuuo (ly) 


A A 1 OA / I 

U.UloU (lo) 


A AA/1 1 /I TA 
— U.UU41 (1 /) 


JN zB 


A 1 1 1 /'A\ 
U.lli ('*) 


A 1 C/l /'C\ 

U. 134 ip) 


A A/I C /''T\ 
U.U4j (z) 


A AO/^ //lA 

—U.Uoo (4) 


A A'2Q /'T\ 

u.u3y (Z) 


A A'2'2 /'2A 

—\}.\}i5 (3) 


CIB 


A A'5 T 

U.U j / (z) 


A A"? T /"J \ 

U.U3 / (3j 


A a/:t /i\ 
U.Uo / (3) 


A AA'J ^T\ 
U.UU3 (Z) 


A A 1 C /T\ 

U.UiJ (z) 


A AA'3 /TA 

U.UU3 (z) 


CzB 


A AC T /'J \ 

U.Udz (j) 


A A/C /I //I \ 

U.Uo4 (4) 


A A/:/: /'5A 
U.Uoo (3) 


A AAA /'3\ 
U.UUU (3) 


A AAT /TA 

U.UU / (z) 


A A 1 A f1\ 
— U.UlU (3) 


C jB 
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U.Uoz (4j 


A AO/1 //l\ 

U.Uy4 (4) 


A AA/; /"2\ 

— U.UUo (3) 


A AA/; /"2A 

U.UUo (3 ) 


A A1 '2 /'2A 
— U.U13 (3) 


C4B 


U.U4y (i) 


A A/I Q 

U.U4o (3 ) 


Alio /'C\ 

U.llo (j) 


A AAC /''2A 

—U.UUj (3) 
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U.Ulo (3) 
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—U.UUo (4) 


CjB 


A AC /I /I \ 

U.Uj4 (j) 
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U.U4y (3j 
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U.UUU (3) 
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U.U3j (3) 
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U.UUo (3) 
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U.Ujo (3) 
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U.Uoj (3) 


A AA'2 /'1\ 

U.UU3 (3) 


A A'2Q /"2A 
U.U3o (3) 
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CoB 


U.Uoi (3) 
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U.Uj / (3) 
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—U.Ull (z) 
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U.U3U (z) 


A AAA /TA 
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CVB 
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A A A/: C /I AA 

— u.uuoj (ly) 
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U.Uiz (Z) 
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U.U4Z (3) 
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U.U43 (z) 
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— U.UU3 (z) 
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U.U4j (Z ) 


A AA'2 /TA 

— U.UU3 (z) 
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u.uzj / (ly) 
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— U.UU14 (ly) 


Ci JB 
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U.U /3 (3) 


U.Uo3 (3) 


A A/I /I /TA 

U.U44 (z) 


A A 1 A /"5 A 

— u.uiy (3) 


A ATA /TA 

u.uzy (Z) 


A A 1 A /TA 

— U.UlU (Z) 


C14B 


A A^ y1 /I \ 

U.Uo4 (3j 


A ATA /'/I \ 

U.U/U (4) 


A A"? A /TA 
U.U3y (Z) 


A A 1 '3 /'? \ 

— U.U13 (3) 


A AT C /TA 

U.Uzj (/) 


A AAA /TA 

—U.uuy (z) 


L-1 jB 


U.UOD (i) 


A AO/I /'/l^ 

U.Uo4 (4) 


A A/I T /TA 
U.U4Z (z) 


A A'2A ^1\ 

—\}.\j5\j (3) 


A AT/; /TA 

U.Uzo (z) 


A A1 /I /TA 

— U.U14 (Z) 


CioB 


A AOO 

U.Uoo (4j 


A AO/; /'/1\ 

u.uyo (4) 


A A/I A /T\ 

U.U4U (z ) 


A A/IA /''2\ 

— U.U4U (3) 


A A'2/; /TA 
U.U30 (Z) 


A A1 0 /'2A 
—U.Ulo (3 ) 


Ci /B 


U.Uo3 (3) 


A ACT /"3 \ 

U.Uj / (3) 


A A/1 A /TA 
U.U4U (Z) 


A A 1 1 /"J \ 

—U.Ull (3) 


A AT 1 /TA 

O.Uzl (Z) 


A A 1 '3 /TA 

—U.U 13 (z) 


^ 1 QTi 

CloB 


A A'2 C /'C^ 

U.U3D (p) 


A A/I C /T\ 

U.U43 (/) 


A A/1 O //C\ 

U.U4o (6) 


A A 1 /c\ 

— U.U16 (j) 


A ATT //I A 
U.UZ / (4) 


A A1 '2 /CA 

—U.U 13 (j) 


1 no 

CiyB 


A AA 1 /C\\ 

u.uyi (y) 


A A/1 C /'A\ 

U.U4J (y) 


A A'! /C //C\ 

U.U3o (o) 


A AT 1 /TA 

—U.Uzl (/) 


A A 1 /; /TA 

U.Ulo ( /) 


A AA'3 /CA 
U.UU3 (j) 


C18Y 


U.lUl (12) 


0.045 (10) 


0.081 (13) 


-0.007 (9) 


0.043 (11) 


-0.007 (9) 


C19Y 


0.082 (10) 


0.108(11) 


0.061 (7) 


-0.012 (8) 


0.035 (7) 


0.011 (7) 


C20B 


0.056 (3) 


0.085 (4) 


0.053 (3) 


-0.021 (3) 


0.019 (2) 


-0.020 (3) 


C21B 


0.072 (3) 


0.073 (4) 


0.068 (3) 


-0.008 (3) 


0.017(3) 


-0.003 (3) 


C22B 


0.081 (3) 


0.069 (4) 


0.048 (3) 


-0.011 (3) 


0.020 (2) 


-0.003 (2) 
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OIWA 0.0540 (19) 


0.072 (2) 


0.074 (2) 


0.0148 (18) 


0.0227 (17) 0.0020 (19) 


OIWB 0.103(4) 


0.110(4) 


0.169 (5) 


0.040 (3) 


0.036 (3) 0.045 (4) 


Geometric parameters (A, °) 


CllA— C23A 


1.745 (4) 




SIB— 02B 


1.430(4) 


SIA— 03A 


1.446 (3) 




SIB— OIB 


1.481 (4) 


SIA— 02A 


1.449 (3) 




SIB— 02 Y 


1.67 (5) 


SIA— OlA 


1.455 (3) 




SIB— C26B 


1.768 (4) 


SIA— C26A 


1.779(4) 




C23B— C24B 


1.371 (6) 


C23A— C24A 


1.366 (6) 




C23B— C28B 


1.373 (6) 


C23A— C28A 


1.382 (6) 




C24B— C25B 


1.377 (6) 


C24A— C25A 


1.375 (6) 




C24B— H24B 


0.9300 


C24A— H24A 


0.9300 




C25B— C26B 


1.382 (6) 


C25A— C26A 


1.379 (5) 




C25B— H25B 


0.9300 


C25A— H25A 


0.9300 




C26B— C27B 


1.382 (6) 


C26A— C27A 


1.378 (5) 




C27B— C28B 


1.383 (6) 


C27A— C28A 


1.378 (6) 




C27B— H27B 


0.9300 


C27A— H27A 


0.9300 




C28B— H28B 


0.9300 


C28A— H28A 


0.9300 




NIB— C9B 


1.349 (5) 


NIA— C9A 


1.355 (5) 




NIB— CIB 


1.413 (6) 


NIA— CIA 


1.393 (5) 




NIB— C22B 


1.448 (5) 


NIA— C22A 


1.473 (5) 




N2B— C15B 


1.359 (6) 


N2A— C15A 


1.352 (6) 




N2B— C18B 


1.460 (13) 


N2A— C18A 


1.457 (6) 




N2B— C20B 


1.483 (6) 


N2A— C20X 


1.48(2) 




N2B— C18Y 


1.74(2) 


N2A— C20A 


1.546(15) 




CIB— C2B 


1.392 (6) 


CIA— C2A 


1.398 (6) 




CIB— C6B 


1.404 (6) 


CIA— C6A 


1.425 (5) 




C2B— C3B 


1.341 (7) 


C2A— C3A 


1.356 (7) 




C2B— H2BA 


0.9300 


C2A— H2AA 


0.9300 




C3B— C4B 


1.381 (8) 


C3A— C4A 


1.392 (6) 




C3B— H3BA 


0.9300 


C3A— H3AA 


0.9300 




C4B— C5B 


1.351 (8) 


C4A— C5A 


1.350 (6) 




C4B— H4BA 


0.9300 


C4A— H4AA 


0.9300 




C5B— C6B 


1.426 (7) 


C5A— C6A 


1.411 (6) 




C5B— H5BA 


0.9300 


C5A— H5AA 


0.9300 




C6B— C7B 


1.402 (7) 


C6A— C7A 


1.400 (6) 




C7B— C8B 


1.346 (6) 


C7A— C8A 


1.346 (6) 




C7B— H7BA 


0.9300 


C7A— H7AA 


0.9300 




C8B— C9B 


1.438 (6) 


C8A— C9A 


1.435 (5) 




C8B— H8BA 


0.9300 


C8A— H8AA 


0.9300 




C9B— ClOB 


1.434 (6) 


C9A— ClOA 


1.433 (6) 




ClOB— CUB 


1.324 (6) 


ClOA— CllA 


1.343 (6) 




ClOB— HlOB 


0.9300 


ClOA— HlOA 


0.9300 




CUB— C12B 


1.445 (6) 


CllA— C12A 


1.442 (6) 




CUB— HUB 


0.9300 


CllA— HI 1 A 


0.9300 




C12B— C17B 


1.387 (5) 


C12A— C13A 


1.391 (5) 




C12B— C13B 


1.392 (6) 


C12A— C17A 


1.408 (5) 




C13B— C14B 


1.357 (6) 


C13A— C14A 


1.355 (6) 




C13B— H13B 


0.9300 
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C13A— H13A 
C14A— C15A 
C14A— H14A 
C15A— C16A 
C16A— C17A 
C16A— H16A 
C17A— H17A 
C18A— C19A 
C18A— H18A 
C ISA— HI SB 
C19A— H19A 
C19A— H19B 
C19A— H19C 
C20A— C21A 
C20A— H20A 
C20A— H20B 
C21A— H21A 
C21A— H21B 
C21A— H21C 
C20X— C21X 
C20X— H20C 
C20X— H20D 
C21X— H21D 
C21X— H21E 
C21X— H21F 
C22A— H22A 
C22A— H22B 
C22A— H22C 
CUB— C23B 
SIB— OlY 
SIB— 03Y 
SIB— 03B 



0.9300 

1.416(6) 

0.9300 

1.418(6) 

1.358 (6) 

0.9300 

0.9300 

1.511 (8) 

0.9700 

0.9700 

0.9600 

0.9600 

0.9600 

1.503 (17) 

0.9700 

0.9700 

0.9600 

0.9600 

0.9600 

1.55 (3) 

0.9700 

0.9700 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

1.743 (4) 

1.34(4) 

1.36 (3) 

1.417 (3) 



C14B— C15B 
C14B— H14B 
C15B— C16B 
C16B— C17B 
C16B— H16B 
C17B— H17B 
C18B— C19B 
C18B— H18C 
C18B— H18D 
C19B— H19D 
C19B— H19E 
C19B— H19F 
C18Y— C19Y 
C18Y— H18E 
C18Y— H18F 
C19Y— H19G 
C19Y— H19H 
C19Y— H19I 
C20B— C21B 
C20B— H20E 
C20B— H20F 
C21B— H21G 
C21B— H21H 
C21B— H21I 
C22B— H22D 
C22B— H22E 
C22B— H22F 
OIWA— HIWA 
OIWA— H2WA 
OIWB— HIWB 
OIWB— H2WB 



1.403 (6) 

0.9300 

1.422 (6) 

1.379 (6) 

0.9300 

0.9300 

1.55 (2) 

0.9700 

0.9700 

0.9600 

0.9600 

0.9600 

1.44 (3) 

0.9700 

0.9700 

0.9600 

0.9600 

0.9600 

1.490 (7) 

0.9700 

0.9700 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.8388 

0.7583 

0.8496 

0.8297 



03A- 
03A- 
02A- 
03A- 
02A- 
OlA- 
C24A- 
C24A- 
C28A- 
C23A- 
C23A- 
C25A- 
C24A- 
C24A- 
C26A- 
C27A- 



SIA— 02A 
SI A— 01 A 
SIA— OlA 
SIA— C26A 
■SIA— C26A 
SIA— C26A 
-C23A— C28A 
-C23A— CllA 
-C23A— CUA 
-C24A— C25A 
-C24A— H24A 
-C24A— H24A 
-C25A— C26A 
-C25A— H25A 
-C25A— H25A 
-C26A— C25A 



113.70(18) 
113.45 (19) 
112.33 (18) 
104.97(16) 
105.79 (19) 
105.65 (17) 
122.1 (4) 
118.9(3) 
119.0(3) 
118.6(4) 
120.7 
120.7 
120.8 (4) 
119.6 
119.6 
119.7(4) 



02B— SIB— OIB 
OlY— SIB— 02Y 
03Y— SIB— 02Y 
03B— SIB— 02Y 
02B— SIB— 02Y 
OIB— SIB— 02Y 
OlY— SIB— C26B 
03Y— SIB— C26B 
03B— SIB— C26B 
02B— SIB— C26B 
OIB— SIB— C26B 
02Y— SIB— C26B 
C24B— C23B— C28B 
C24B— C23B— CUB 
C28B— C23B— CUB 
C23B— C24B— C25B 



111.5 (3) 
127 (2) 
96(2) 
49.6 (17) 
71.5 (17) 
153.8 (17) 
103.0(16) 
103.8 (12) 
106.73 (19) 

106.4 (2) 

105.2 (2) 
98.3 (16) 

121.3 (4) 
119.2 (3) 

119.5 (3) 
119.2(4) 
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L.21A- 


f^'^ /I A CIA 


1 1 A 1 /"?\ 

119.1 (3) 


C25A- 


/T A CIA 

— C26A — SI A 


121.0 (3) 


C28A- 


— C27A — C26A 


1 ^A '*> /" A\ 

120.2 (4) 


C26A- 


— C27A — ^H27A 


119.9 


C/oA- 


— C27A — H27A 


1 1 A A 

119.9 


C27A- 


— C28A — C23A 


118.6 (4) 


C27A- 


<^ O A T O A 

— C28A — ^H28A 


120.7 


C23A- 


— C28A — H28A 
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ClOB— CUB— C12B—C17B -4.1 (8) 

ClOB— CUB— COB— C13B 173.9(5) 

C17B— C12B— C13B— C14B 0.7 (7) 

CUB— C12B— C13B— C14B -177.5(5) 

C12B— C13B— C14B— C15B 0.1 (8) 

C18B— N2B— C15B— C14B -168.8 (7) 

C20B— N2B— C15B— C14B 2.7 (9) 

C18Y— N2B— C15B— C14B 148.1 (8) 

C18B— N2B— C15B— C16B 10.1 (11) 

C20B— N2B— C15B— C16B -178.5 (6) 

C18Y— N2B— C15B— C16B -33.1 (10) 

C13B— C14B— C15B— N2B 177.6(6) 

C13B— C14B— C15B— C16B -1.4(8) 

N2B— C15B— C16B— C17B -177.1 (6) 

C14B— C15B— C16B— C17B 1.8(8) 

C15B— C16B— C17B— C12B -1.1 (8) 

C 1 3B— C 1 2B— C 1 7B— C 1 6B -0.2 (7) 

CUB— C12B— C17B— C16B 177.9(5) 

C15B— N2B— C18B— C19B -83.7 (10) 

C20B— N2B— C 1 8B— C 1 9B 1 04.4 (8) 

C18Y— N2B— C18B— C19B 8.6(14) 

C15B— N2B— C18Y— C19Y 112.6(10) 

C 1 8B— N2B— C 1 8 Y— C 1 9 Y 3.8(8) 

C20B— N2B— C18Y— C19Y -98.9 (10) 

C15B— N2B— C20B— C21B 79.0 (8) 

C18B— N2B— C20B— C21B -109.2 (7) 

C 1 8Y— N2B— C20B— C2 IB -66.9 (9) 



Hydrogen-bond geometry (A, °) 



D—}\-A 



Z)— H 



D-A 



D—R-A 



0\WB—mWB-0\B^ 

0\WB—mWB-02B" 
OlWA—mWA-02A'^ 
OlWA—mWA-OlA 
C8.4— H8^.4-03.4" 
ClB—mBA-OSB" 



0.85 

0.83 
0.84 
0.76 
0.93 
0.93 



2.36 
2.12 
2.07 
2.10 
2.54 
2.57 



2.815 (7) 
2.953 (7) 
2.891 (5) 
2.844 (4) 
3.146 (5) 
3.314(7) 



114 
177 
166 
169 
123 
137 
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C115— HllS-Olfi" 0.93 2.41 3.237 (6) 148 

C187— H18£-C1U™ 0.97 2.72 3.673 (19) 169 

C19S— H19Z>-Cllfi^' 0.96 2.73 3.531 (14) 142 

C22fi— H22Z)-025™ 0.96 2.55 3.259(7) 131 

C25^— H25^-03^" 0.93 2.56 3.359 (5) 144 

Symmetry codes: (i) y, z; (ii) -x+l,y-V2, -z+1/2; (iii) -x+l,y+V2, -z+1/2; (iv) -x+1, -y+l, -z; (v) z+1; (vi) x+1, -y+i/2, z+1/2; (vii) -x+l, 
-y, -z+1; (viii) -x^\,y-\l2, -z+3/2. 
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